:OC Polychlorinated dibenzo-pdioxins (PCDDs) and dibenzofurans (PCDFs) are highly toxic and persistent compounds that especially accumulate in tissue lipid. These compounds are consistently found in relatively high levels in humans living in industrialized countries and in much lower levels in persons living in less developed countries (1) . The most toxic and persistent congeners are 2,3,7,8-substituted PCDDs and PCDFs, due to their high affinity for the Ah receptor and resistance to biotransformation (2) . Almost all PCDDs and PCDFs found in humans from the general population are believed to come from food, especially meat, milk, fish, and their by-products (3, 4) . A number of health studies performed on populations occupationally or environmentally exposed to PCDDs and PCDFs or closely related chemicals found a variety of health effects, similar to toxic effects reported in animal studies, either beginning soon after exposure, or in the case of cancer mortality, after a latency period (5) (6) (7) (8) (9) (10) (11) . Since the exact level of PCDDs and PCDFs that causes various health effects in humans is unknown, it is important to identify the immediate source of these chemicals in the general population.
PCDD and PCDF congeners exist in biological samples as mixtures in varying amounts. To simplify risk assessment and regulatory control, the concept of 2,3,7,8- tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalents (TEqs) has been developed. In this concept, the toxicity of the congeners in relation to TCDD is assessed based on in vitro and in vivo studies. This relative toxicity or toxic equivalency factor (TEF) is used to weight and calculate the additive toxicity of the congeners present in a sample as related to TCDD. TCDD, the most toxic dioxin, is arbitrarily weighted with a TEF of 1.0. Our intake calculations are based on the total TEq using the currently accepted U.S. EPA and international dioxin toxic equivalency factors (12) (13) (14) .
In 1989, a German study reported dioxin levels from 22 (15) . In Canada at the time, a maximum allowable daily intake for PCDDs and PCDFs of 10 pg TEq/kg body weight was suggested, and a collaborative effort by the Canadian government was underway to develop national guidelines (16) .
Subsequently, other studies in Germany (4), the Netherlands (17) , and the United Kingdom (18) have reported intakes in the range of 70-125 pg TEq/day, using the current commonly accepted international dioxin toxic equivalency factors (13, 14) , which are identical to current U.S. EPA estimates (12) . One of the German food studies includes ranges of PCDD and PCDF levels in 107 food analyses to better reflect the variability between samples (4).
These congener-specific studies of PCDDs and PCDFs in food from a number of industrial countries found that meat, milk, and fish products account for about 95% of human general population intake of PCDDs and PCDFs. Fruits and vegetables, which usually contain almost no dioxins or dibenzofurans, contribute a negligible amount to human intake, whereas air and water are a secondary source of exposure to these compounds (3, 4, 17, (19) (20) (21) (22) 
Methods
To gather preliminary food data, we collected and analyzed 18 individual samples of meat, fish, and dairy products from a New York State supermarket. To address dioxin intake for infants, we worked with data from our previous studies of human milk from nursing mothers and soyderived infant formula (23, 24) . We elected to sample only New York supermarkets.
Because levels and patterns of dioxins and dibenzofurans in human tissue from widely separated areas in the United States are quite similar, we assumed that food from various regions is probably also similar in PCDD and PCDF content. In addition, food in U.S. supermarkets is often shipped long distances from the original source, and standard brands are distributed
throughout the country. Samples of meat, fish, and dairy products were purchased from an upstate New York supermarket in the early 1990s. Samples were frozen at -20°C and shipped on dry ice to two dioxin laboratories for analysis by high-resolution gas chromatography/mass spectroscopy following extraction and clean-up. Samples were analyzed as purchased, consistent with the way most studies report food dioxin analyses. Each laboratory has been certified by the World Health Organization for dioxin analysis of human tissue and also has passed interlaboratory dioxin food validation testing.
Samples were blended with sodium sulfate, packed into a 6-cm diameter column, and extracted with dichloromethane/cyclohexane (1:1). After changing to hexane solvent, the extracts were purified using the method of Smith et al. (25) .
A 60-m DB5 column was connected directly to the ion source. Splitless injections were made (2 pl) at an injection temperature of 280°C and with a splitless period of 90 sec. Peak-area measurements were made by interactive data processing. Quantification was based on the summed areas of the peaks in the two channels relevant to each compound.
Results
The results from 18 U.S. supermarket food samples are presented on a whole-(or wet) weight basis, in order to be more representative of the way food is purchased and consumed. However, it should be noted that food preparation and/or cooking method can alter PCDD and PCDF levels in the final food product. Tables 4 and 5 (23, 24) . Consumption rates used in Tables 4 and 5 are from a 1986 publication of the U.S. Environmental Protection Agency, Office of Radiation Programs, a publication currently used by the EPA to estimate U.S. food and dioxin intake (26) . Table 4 , which uses U.S. mean consumption rates (for both males and females) and an average weight of 65 kg. Table 5 also uses a total consumption rate for meat, rather than presenting beef, pork, and poultry separately, as in Table 4 .
Conclusions
Although levels and bioavailability of PCDDs and PCDFs may vary in prepared food, our analyses results and intake estimates are consistent with those found in similar raw food samples by researchers in the United Kingdom, the Netherlands, Germany, and Canada (3, 4, 15, 17, 18, 29) . The large variation of PCDD and PCDF levels in these samples illustrates the difficulty in estimating intake for a large population with highly individual dietary habits. We believe the range calculated here constitutes a reasonable preliminary approximation of American dietary dioxin TEq intake, which should be followed with a more comprehensive and systematic sampling.
The low figure of 0.3 pg of TEqs/kg body weight/day for adults exceeds the U.S. EPA's virtually safe dose of 0.006 pg/kg/days producing an upper-limit cancer risk of 10- (30) . The levels we estimated for infants in the first year of life, 35-53 pg/kg of body weight per day, also exceed the maximum allowable dioxin TEq intake of 10 pg/kg/day established by Germany, the U.K. Department of Environment, the Swiss Institute of Toxicology, and the Ontario Ministry of Environment.
Interestingly, should a vegetarian diet provide an intake of about 2% of the general population total dioxin intake, the daily total adult dioxin TEq intake might be reduced Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated dibenzofuran; T, tetra; Pe, penta; Hx, hexa; Hp, hepta; 0, octa; ND, not detected within detection limits shown in parentheses.
aAnalyses by Food Science Laboratory, Norwich, England. Half of detection limits for nondetected congeners used in calculation.
b&Fused" peaks: a small peak not fully resolved from one much larger. The contribution from 1,2,3,4,7,8-HxCDD is small. ).04)
).14 ).47 ).14 ).04) (31) . The findings of high daily dioxin intake in nursing infants, which follows the lower but unavoidable transplacental intake in utero, reaffirm the potential health concern for this sensitive population.
Although controversial at present, new research has suggested that TCDD may not exhibit a threshold for the expression of certain biochemical responses (32) , such as CYPlAl induction, which is consistent with possible toxic effects from even the smallest amount of additional dioxin TEqs. Human tissue in some experiments seems to be about as sensitive to the toxic effects of dioxin as laboratory rats, a relatively sensitive species (33) . Thus there is a need for further characterization of potential sources of human exposure to PCDDs and PCDFs in order to limit such exposure.
Although our findings present the first congener-specific analyses of dioxins in food in the United States, the dioxinlike polychlorinated biphenyls (PCBs), which act in an cMilk and poultry data from one sample each. 
